Abstract: Pumpkin is a major cultivated crop particularly in north eastern states of India that depends on insects for the pollination, as the pollens of these plants are large sized and sticky. In the present study, field and lab experiments were conducted to determine the efficiency of the pollinators of pumpkin based on their diversity, relative abundance and foraging activity. Total four hymenopteran insect pollinators were observed in field viz., bumble bee, little honey bee, Indian honey bee and Digger bee. On the basis of abundance and relative abundance bumble bee was identified as most abundant pollinator of pumpkin with 69.69 per cent mean relative abundance as other pollinators mean relative abundance was less than 25 per cent and it was only 3.49 per cent for Indian honey bee. Foraging speed and foraging rate of bumble bee was 7.13 sec/flower and foraging rate was 3.80 flower/minute. To ensure the efficient pollinator of pumpkin flower, pollen carrying capacity, pollen deposition and percent deposition of viable pollen was studied for all the pollinators in field and laboratory condition. The pollen carrying capacity of pollinators ranged from more than 7 mg to 1 mg. It was highest for bumble bee which was 7.33 mg followed by little honey bee (6.66 mg) and least pollen carrying capacity was observed in Digger bee (1.67 mg). Pollen depositions by pollinators on stigma in a single visit was again highest for bumble bee (565 pollen grains) with maximum number of viable pollen deposition 224.33 pollen grains out of which 39.7 per cent pollen was viable. So on the basis of above result it can be concluded that bumble bee was the most abundant and most efficient pollinator of pumpkin.
INTRODUCTION
Vegetable cultivation is important in the agricultural economy of India and particularly in north eastern states of India. Farmers of north eastern states are small, marginal and mostly depend on hill farming for their subsistence. Meghalaya in general is known for its good quality of vegetable in Northeastern region (Kumar and Badal, 2004 ). Pumpkins are a major crop that depends on insects for the pollination as the pollens of these plants are large in size and sticky. Since few years, numbers of pollinators have been reduced because of existing threat due to wax moth, mites, wasps and new threats as in case of honey bee, wax beetle (Pande et al., 2015) . The absence of sufficient efficient pollinators can result in low fruit yield and reduced fruit size (Walters and Taylor, 2006) . Different sized wild pollinator species increase pumpkin pollination. Pollinator exclusion by bagging female flowers caused plants to abort the fruit of pumpkin (Hoehn et al., 2008) . Abiotic factors like unfavorable conditions (Wien, 1997) and human intervention in form of artificial pollination which abort the female flower, indiscriminate use of pesticides that kills the pollinators aid in reducing the yields (Garibaldi, 2014; ISSN : 0974-9411 (Print) , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org Anonymous, 2016) . Therefore reducing the use of synthetic insecticides that are toxic provide an important benefit to pollinators (Tuell and Isaacs, 2010) . For enhanced production of pumpkin, understanding the diversity of insect visitors, their abundance, foraging behavior and comparative pollination biology is essential. These parameters will help the farmers to find out the appropriate time for application of pesticide as it is recommended that do not spray the crop when pollinators are abundant in crop vicinity. Comparative study of pollination biology of different pollinators will be helpful for the pollination study and breeders to use the most efficient pollinators as in managed pollination programmes of that crop.Therefore, keeping in view the above aspects the present study was conducted at ICAR Research Complex for NEH Region Umiam Meghalaya, India to assess the work performance of Hymenopteran insects as pollinators of pumpkin and determine the efficient pollinator.
MATERIALS AND METHODS
The experiment was carried out at farm of Division of Horticulture (ICAR Research Complex for NEH Region) Umiam and nearby area of ICAR. The initial study was undertaken at 15% flowering stage in the month of June-July and August during rainy season 2014. The study to find out the various insects fauna visiting the flowers were recorded at various time interval starting from 0500 h to 0800 h of the day, depending on anthesis period of pumpkin crop. Data on abundance, foraging activity (speed and rate) and pollination biology (pollen carrying capacity, pollen deposition on stigma and pollen viability) was replicated thrice. Abundance and relative abundance of insect visitors: The observation on pumpkin crops was initiated at 15 % flowering stage at 2 week intervals according to their anthesis period to monitor the visiting pollinator abundance at which time period which group of pollinator dominate the crop visitation. Then the data was averaged species wise to draw the conclusion about dominant group and peak foraging time ( Pateel and sattagi, 2007) . Relative abundance of pollinator was worked out by using formula after pooling all the data and expressed in percentage ( Nath and Viraktamath, 2010 (Free, 1993) . Pollen carrying capacity of insect pollinators: The bees collecting pollen were trapped randomly, anaesthetized with chloroform and weighed. Later the pollen loads were brushed off from their bodies by using brush and vortex shaker and weight of the bees were determined again ( Kumar et al., 2012) . Difference between initial weight of insect pollinator with pollen and later weight of insect pollinator without pollen was considered as a pollen carrying capacity or pollen load of a respective insect pollinator. Pollen deposition and percentage of viable pollen grain transferred by insect pollinators: Pollen deposition represents the amount of pollen deposited on stigma by an insect. To assess the amount of pollen deposited on stigma, a flower was bagged before anthesis were opened one by one for the insect to visit following the method of Reddi and Reddi, 1983 . When such flowers received first visit, their stigmas were plucked and examined for number of pollen deposited following the pollen count by using Phase Contrast Microscope. Viability of pollen grains was tested using the pollen germination medium, Brewbaker and Kwack's culture medium (Brewbaker and Kwack, 1963) . Viability was measured based on the number of pollen grains having pollen tube growth. Burst pollen grains and budded ones were not counted as germinated. Budding refers to pollen grains where pollen tubes do not grow longer than the diameter of pollen grain. Random counts of pollen grains were made in each replication under Phase contrast microscope.
Statistical analysis:
In order to compute variance of different studies, the statistical constant i.e., mean, standard error of mean, critical difference (CD) for each quantitive characters were computed by the method of analysis of variance used generally for randomized block design (RBD) (Snedecor and Cochran, 1968) . The results were computed at 5% level of significance. To represent the results of relative abundance, pollen carrying capacity, pollen deposition and percentage of viable pollen average of data were calculated by simple calculation.
RESULTS AND DISCUSSION

Diversity of insect pollinators on pumpkin:
The data on diversity of insect pollinators in pumpkin was recorded during year 2014 and listed in Table 1 revealed four hymenopteran insect pollinators. The pollinators represented three genera and four species belonging to the family apidae viz., Bumble bee, Bombus sp; Indian honey bee, Apis cerena Himalaya; little honey bee Apis florea; and Digger bee Anthophora sp. Similarly Kumar et al. (2012) reported total seven insects as visitors of pumpkin flower out of which four were hymenopteran. The diversity of insect pollinators was almost similar to present study other than the bumble bee. Abundance of insect pollinator at different time period: All the visitors in general were recorded from the 0500 hrs in pumpkin which gradually decline after 0800 hrs. The observation recorded on abundance of insect pollinators in pumpkin revealed that hymenopteran were the only abundant pollinators. Similar results were reported by Pande et al. (2016) that hymenopterans were the most abundant pollinators of chow chow in Meghalaya. Bumble bee was the most abundant pollinator of the target crop with maximum mean abundant population of 24.56 /m2/ 5 min during 0600 -0700 hrs followed by little honey bee with mean abundant population of 13.22/ m2/ 5 min, during 0600 -0700 hrs, Indian honey bee with mean abundant population of 1.72/ m2/ 5 min, during 0600 -0700 hrs and Digger bee with mean abundant population of 1.06/ m2/ 5 min during 0700 -0800 hrs. Abundance of bumble bee was ranged from 12.67/ m2/ 5 min to 27.00/ m2/ 5 min with maximum abundance during July I and III week at 0600 to 0700 hrs. Abundance of Little honey bee was ranged from 0.67/ m2/ 5 min to 
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Anthophora sp. 15.00/ m2/ 5 min with maximum abundance during July III week at 0600 to 0700 hrs. Abundance of Indian Honey bee was ranged from 0.00/ m2/ 5 min to 2.67/ m2/ 5 min with maximum abundance during June I and III week at 0600 to 0700 hrs. Abundance of Digger bee was ranged from 0.00/ m2/ 5 min to 1.67/ m2/ 5 min with maximum abundance during June III week at 0600 to 0700 hrs 
Relative abundance of insect pollinators on cucurbits:
The present investigation was done to find the relative abundance of the insect pollinators i.e., bumble bee, little honey bee, Indian honey bee and Digger bee as shown in table 3. Relative abundance of Bumble bee was highest throughout the study with maximum relative abundance of 75.96% during third week of August followed by 74.11% on first week of August and lowest was 63.04% during first week of June. It was observed that Bumble bee being the dominant pollinator with 69.69 % mean relative abundance on pumpkin followed by little honey bee with 24.51% and digger bee with 13.83 % relative abundance. The least mean relative abundance was calculated for Indian honey bee which was 3.49%. The result was in support of Goodell (2008) reported that supplying more honey bee hives is unlikely to improve pollination. On the basis of abundance and relative abundance bumble bee was identified as an most abundant pollinator of Pumpkin.
Foraging behavior (speed and rate) of insect pollinators:
The observation on foraging behaviour (Table 4 ) of bumble bee, little honey bee, Indian honey bee and Digger bee were conducted during the study revealed that the bumble bee had foraging speed with 7.13 sec/flower and foraging rate with 3.80 flower /minute. Anonymous, 2014 reported foraging rate of bumble bee was 10.33 flowers/ minute and foraging speed was 6.33 seconds/ flower in ridge gourd. The foraging speed of abundant pollinator of pumpkin, bumble bee was ranged from 6.33 sec/flower during third week of June to 8.00 sec/flower during first week of August. Number of flower visited per minute was highest during first week of August with 4.33 flowers/min and lowest with 3.33 flowers/min during first week of July. In case of little honey bee the foraging speed was ranged from 4.00 sec/flower during third week of August to 5.67 sec/flower during third week of June and first week of July. Number of flower visited per minute was highest during third week of August with 7.00 flowers/min and lowest with 6.00 flowers/ min during third week of June and first week of July. Observation recorded on foraging behavior of Indian honey bee revealed that foraging speed was ranged from 3.33 sec/flower during third week of June to 5.00 sec/flower during first week of July. Number of flower visited per minute was highest during third week of July with 9.33 flowers/min and lowest with 7.33 flowers/min during third week of August. 
Conclusion
All over the results from the present study indicate that amongst the insect pollinators, hymenopterans, as the only most abundant frequent visitors. Among them bumble bee showed highest abundance during 0500 hrs to 0800 hrs in Meghalaya. So, farmers should shift the time of application of insecticides to mange other insect pests according to the findings. All the pollinators had role in carrying pollen and viable pollen deposition. Therefore the most economical option to increase pumpkin production appears to be employing management practices that promote and conserve the native bees of Meghalaya like crop refugee, lower tillage etc. Conserving and enhancing native bee species may boost pumpkin production in Meghalaya.
